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METHOD FOR PREPARING SOLUBILIZED
COMPOSITION CONTAINING OIL-SOLUBLE
SUBSTANCE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for preparing a
solubilized composition containing an oil-soluble substance
having both acid and heat resistance, the composition pre-
pared by the method, and foods and drinks and cosmetics
containing the composition. In particular, the present inven-
tion relates to a method for preparing a solubilized composi-
tion containing an oil-soluble substance, which is capable of
keeping the oil-soluble substance in a uniform and stable
solubilized state without its deposition or floating when a
food and drink, or a cosmetic added with the composition is
stored for a long time, and has both excellent acid and heat
resistance necessary when being added to foods and drinks.
The present invention also relates to the composition pre-
pared by the method of the present invention, and foods and
drinks and cosmetics containing the composition.

2. Description of the Related Art

In the fields of foods and drinks and cosmetics, commercial
products in the liquid state at ambient temperature have been
conventionally added with oil-soluble substances such as
colorants, flavoring agents, oils and fats, fat-soluble vitamins,
bioactive substances, seasonings, antioxidants, and preserva-
tives. However, many of liquid preparations of foods and
drinks and cosmetics are aqueous. To add an oil-soluble sub-
stance to these aqueous foods and drinks and cosmetics, there
have been various known compositions and methods for pre-
paring them. An example of the composition is an emulsion of
an oil-soluble substance in an aqueous medium. Examples of
the emulsion include: a carotenoid-based pigment-solubi-
lized liquid preparation for foods capable of coloring aqueous
foods and drinks (JP-A-10-120933); a composition contain-
ing a sucrose fatty acid ester, a C,_,, monohydric alcohol, an
oily component, and water at a specific weight ratio (JP-A-
10-43573 and JP-A-10-66860); a water-soluble composition
containing a uniformly emulsified or solubilized oil and fat
prepared by mixing an oil and fat and a lower alcohol solution
containing at least one selected from the group consisting of
monoesters of polyglycerols having a polymerization degree
otf'4 to 10 with capric acid, lauric acid, oleic acid and linoleic
acid and an enzymatically decomposed lecithin with water or
an aqueous solution of a sugar alcohol, and removing the
lower alcohol from the mixture (JP-A-7-147899); an oil-and-
fat-containing water-soluble composition in a emulsified or
solubilized state containing at least one polyglycerol fatty
acid ester selected from monoesters of polyglycerols having a
polymerization degree of not less than 10 with Cg ¢ fatty
acids, a sucrose fatty acid ester containing not less than 90%
of'a monoester of sucrose with a fatty acid, an oil and fat and
residual parts of water (JP-A-8-205771); a solubilized oil and
fat composition containing 0.003 to 50% by weight of at least
one polyglycerol fatty acid monoester selected from
monoesters of polyglycerol having an average polymeriza-
tion degree of 6 to 10 with C,_, , saturated fatty acids, 0.05 to
20% by weight of an oil and fat, and residual parts of water
and food additives (JP-A-9-168369); an oil-soluble sub-
stance-solubilized composition containing 0.01 to 30% by
weight of a monoester of a polyglycerol fatty acid having an
average polymerization degree of not less than 5 with myris-
tic or oleic acid, 40 to 80% by weight of a polyhydric alcohol,
0.01 to 20% by weight of an oil-soluble substance, and
residual parts of water (JP-A-10-084887); and an oil-soluble
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substance-solubilized composition containing (A) 0.05 to
30% by weight of an oil-soluble substance, (B) 0.003 to 50%
by weight of polyglycerol fatty acid monoester of a polyg-
lycerol having an average polymerization degree of 6 to 15
with a C,, ;4 saturated or monounsaturated fatty acid, (C)
0.0001 to 1% by weight of lecithin, and water (JP-A-11-
332463). Any of methods for preparing these compositions
includes emulsifying an oil-soluble substance in an aqueous
medium, and fragmentating the oil-soluble substance into the
nano-scale order with, for example, an emulsitying apparatus
or a high-pressure homogenizer which applies strong shear-
ing force. However, when the compositions prepared by the
methods are added into cosmetics or foods and drinks, these
cosmetics or foods and drinks do not sufficiently satisfy solu-
bility, transparency, stability, heat resistance, and particularly
acid resistance. In addition, the compositions are emulsions
with aqueous media, and therefore have a compositional limi-
tation on an amount added in commercial products.

There are known other methods for preparing an oil-
soluble substance-solubilized composition, including pre-
liminarily heating an oil-soluble substance and an emulsifier
to form a uniform mixture, and adding the mixture to an
aqueous medium (JP-A-7-100355, JP-A-10-182493, and
JP-A-2004-339086). However, compositions prepared by the
methods also do not satisfy solubility, transparency, stability,
heat resistance, and acid resistance, when added to aqueous
media.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
for preparing a solubilized composition containing an oil-
soluble substance having both excellent acid and heat resis-
tance, capable of easily keeping the oil-soluble substance in a
uniform and stable solubilized state in an aqueous medium,
such as an aqueous food and drink and an aqueous cosmetic
(hereinafter, also referred to simply as an aqueous medium),
without using an emulsifier or a high-pressure homogenizer
which applies strong shearing force, when the composition is
added to the aqueous medium. Another object of the present
invention is to provide the composition prepared by the above
method.

As aresult of intensive investigations to achieve the above-
mentioned objects, the present inventors have found that a
solubilized composition having both acid and heat resistance
can be obtained by transparently dissolving an oil-soluble
substance and two or more emulsifiers of (1) a specific polyg-
lycerol fatty acid ester (emulsifier E1), (2) a specific sucrose
fatty acid ester (emulsifier E2), and (3) a specific lecithin
containing an increased amount of phosphatidylcholine and/
or lysophosphatidylcholine (emulsifier E3) in a solvent con-
taining ethanol, and removing the solvent off. The present
inventors have further studied and accomplished the present
invention.

That is, the present invention provides:

(D a method for preparing a solubilized composition con-
taining an oil-soluble substance having both acid and heat
resistance, including:

the step of dissolving an oil-soluble substance and two or
three emulsifiers selected from

(1) an emulsifier E1 comprising an ester of a fatty acid
having an HLB of not less than 10 and not more than 14
carbon atoms with a polyglycerol having a polymerization
degree of not less than 3,

(2) an emulsifier E2 comprising an ester of a fatty acid
having an HLB of not less than 10 and not more than 14
carbon atoms with sucrose, or
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(3) an emulsifier E3 comprising lecithin in which phos-
phatidylcholine accounts for not less than 50% and/or lyso-
lecithin in which lysophosphatidylcholine accounts for not
less than 50% of a phospholipid content in (a) ethanol or (b)
a mixed solvent of ethanol with at least one selected from the
group consisting of acetone, hexane, and ethyl acetate to
prepare a transparent solution; and

the step of distilling the solvent off from the transparent
solution;

(II) the method according to (I), wherein the solvent (a) or
(b) is ethanol or a mixed solvent of ethanol with acetone or
hexane, and a percentage of ethanol in the solvent is 50 to 100
(VIV) %;

(IIT) the method according to (I), wherein the emulsifiers
are the emulsifiers E1, E2, and E3, and contents of the emul-
sifiers to 1 part by mass of the oil-soluble substance are:

0.1 to 50 parts by mass for the emulsifier E1,

0.1 to 30 parts by mass for the emulsifier E2, and

0.1 to 20 parts by mass for the emulsifier E3;

(IV) the method according to (1), further including:

the step of adding a polyhydric alcohol to the transparent
solution in an amount of not more than 50 parts by mass to 1
part by mass of the oil-soluble substance, between the step of
preparing the transparent solution and the step of distilling the
solvent off;,

(V) a solubilized composition containing an oil-soluble
substance having both acid and heat resistance, which is
characterized in that the composition is prepared by the
method according to (I);

(V]) the composition according to (V), further containing
ethanol in a proportion of not more than 50 parts by mass to 1
part by mass of the oil-soluble substance;

(VII) a food and drink containing the composition accord-
ing to (V);

(VIII) a cosmetic containing the composition according to
V)

(IX) a method for solubilizing an oil-soluble substance,
comprising adding the composition according to (V) to a food
and drink, or a cosmetic; and

(X) use of a composition as a solubilizing agent for solu-
bilizing an oil-soluble substance in a food and drink or a
cosmetic, wherein the composition is prepared by a method,
including:

the step of dissolving an oil-soluble substance and two or
three emulsifiers selected from

(1) an emulsifier E1 comprising an ester of a fatty acid
having an HLB of not less than 10 and not more than 14
carbon atoms with a polyglycerol having a polymerization
degree of not less than 3,

(2) an emulsifier E2 comprising an ester of a fatty acid
having an HLB of not less than 10 and not more than 14
carbon atoms with sucrose, or

(3) an emulsifier E3 comprising lecithin in which phos-
phatidylcholine accounts for not less than 50% and/or lyso-
lecithin in which lysophosphatidylcholine accounts for not
less than 50% of a phospholipid content in (a) ethanol or (b)
a mixed solvent of ethanol with at least one selected from the
group consisting of acetone, hexane, and ethyl acetate to
prepare a transparent solution; and

the step of distilling the solvent off from the transparent
solution.

The method for preparing a solubilized composition con-
taining an oil-soluble substance of the present invention
includes the following steps 1 and 2.

Step 1: transparently dissolving an oil-soluble substance
and two or three emulsifiers selected from emulsifier E1, E2,
or E3 into the following solvent (a) or (b):
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(a) ethanol;

(b) a mixed solvent of ethanol with one or more solvent(s)
selected from acetone, hexane, and ethyl acetate.

Step 2: distilling off the solvent dissolved in Step 1.

The oil-soluble substance used in Step 1 may be any sub-
stance that is insoluble or hardly soluble in water, and easily
soluble in oil without specific limitation. Examples of such
oil-soluble substance include colorants, flavoring agents, oils
and fats, fat-soluble vitamins, various bioactive substances,
seasonings, antioxidants, and preservatives. Examples of the
colorant include carotene, flavonoid, turmeric, annatto,
anthocyanin, and tar pigments. Examples of the flavoring
agent include natural flavoring agent materials such as oleo-
resin and essential oils, and synthetic flavoring agent materi-
als such as esters, ketones and lactones thereof. Examples of
the oil and fat include animal and vegetable oils and fats,
those derived from microorganisms, and synthetic oils and
fats such as a medium-chain triacylglycerol. Examples of the
fat-soluble vitamin include vitamins A, D, E, and K.
Examples of the bioactive substance include coenzyme Q10,
a-lipoic acid, astaxanthin, anthocyanin, lycopene, octa-
cosanol, y-oryzanol, turmeric (curcumin), phytosterol, and
Iutein. Examples of the seasoning include animal and veg-
etable extracts such as a pepper extract. Examples of the
antioxidant include tocopherol, L-ascorbyl stearate, dibutyl
hydroxytoluene (BHT), butyl hydroxyanisole (BHA), and
antioxidative natural extracts. Examples of the preservative
include parahydroxybenzoate and benzoic acid.

Examples of the emulsifier E1 include polyglycerol fatty
acid esters having an HLB (Hydrophile-Lipophile Balance)
of not less than 10, composed of esters of fatty acids having
not more than 14 carbon atoms with polyglycerols having a
polymerization degree of not less than 3. Polyglycerol fatty
acid monoesters composed of a saturated or unsaturated fatty
acid having 15 or more carbon atoms with polyglycerols
(JP-A-10-084887, JP-A-11-332463) hardly make a solution
stable when added to an aqueous medium. The fatty acid
having not more than 14 carbon atoms may be either saturated
or unsaturated, and preferably has 8 to 14 carbon atoms. The
saturated or unsaturated fatty acid having 8 to 14 carbon
atoms is preferably caprylic acid, pelargonic acid, capric acid,
undecylic acid, lauric acid, tridecylic acid, myristic acid, or
undecylenic acid, etc. Among them, caprylic acid, capric
acid, lauric acid, and myristic acid are more preferable. The
fatty acid having not more than 14 carbon atoms may be used
alone or in combination of two or more.

The polyglycerol having a polymerization degree of not
less than 3 is preferably a polyglycerol having a polymeriza-
tion degree of from 3 to 10. The polyglycerol(s) may be used
alone or in combination of two or more.

The HLB is a value representing a degree of affinity of an
emulsifier for water and an oil-soluble substance. The HL.B of
the emulsifier E1 is preferably not less than 10. If the HL.B is
too low, the resultant solubilized composition containing an
oil-soluble substance inhibits solubility of the composition in
an aqueous medium when being added to the aqueous
medium. The upper limit of the HL.B is generally about 20.

A method of measuring the HLB will be described in
Examples.

Among commercially available emulsifiers, preferred
examples of the emulsifier E1 include decaglycerol mono-
myristate, decaglycerol monolaurate, hexaglycerol monolau-
rate, tetraglycerol monolaurate, decaglycerol monocaprate,
and decaglycerol monocaprylate. Among them, decaglycerol
monomyristate and decaglycerol monocaprate are more pre-
ferred.
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Asthe emulsifier E1, those emulsifier(s) may be used alone
or in combination of two or more.

In the present invention, a polymerization degree of the
polyglycerol can be determined from a measured hydroxyl
value according to the following calculation formula:

56110 X (polymerization degree + 2)

hyd 1 value =
ydroxyl value 74 x polymerization degree + 18

When the emulsifier E1 is added, an amount added is
preferably about 0.1 to 50 parts by mass, more preferably
about 0.2 to 40 parts by mass, and still more preferably about
0.5 to 40 parts by mass to 1 part by mass of the oil-soluble
substance, considering a solubilizing effect of the emulsifier
E1 and a content of the oil-soluble substance. If the amount
added of the emulsifier E1 is too small, it is difficult to stably
solubilize the oil-soluble substance. On the contrary, if the
amount added is too large, further enhancement of the effect
of'the present invention can hardly achieved, rather may cause
a disadvantage of a reduced content of the oil-soluble sub-
stance.

Examples of the emulsifier E2 include sucrose fatty acid
esters having an HL.B of'not less than 10 composed of an ester
of fatty acids having not more than 14 carbon atoms with
sucrose. The fatty acid having not more than 14 carbon atoms
is similarly defined as the fatty acid having not more than 14
carbon atoms of the emulsifier E1. Appropriate sucrose fatty
acid esters have no specific limitation. Among commercially
available sucrose fatty acid esters, specific examples include
sucrose myristate, sucrose laurate, sucrose caprylate, and
sucrose caprate, in which monoesters account for 50% or
more. Sucrose fatty acid esters of a fatty acid having not less
than 15 carbon atoms or having an HLB of less than 10
(JP-A-10-43573, JP-A-10-66860) hardly make a solution
stable when the composition is added to an aqueous medium.
An HLB of the emulsifier E2 is preferably not less than 10.
When the HLB is less than 10, the resultant solubilized com-
position containing an oil-soluble substance inhibits solubil-
ity of the composition in an aqueous medium when being
added to the aqueous medium.

Asthe emulsifier E2, those emulsifier(s) may be used alone
or in combination of two or more.

When the emulsifier E2 is added, an amount added is
preferably about 0.1 to 30 parts by mass, more preferably
about 0.2 to 25 parts by mass, and still more preferably about
0.5 to 25 parts by mass to 1 part by mass of the oil-soluble
substance, considering a solubilizing effect of the emulsifier
E2 and a content of the oil-soluble substance. If the amount
added of the emulsifier E2 is too small, it is difficult to stably
solubilize the oil-soluble substance. On the contrary, if the
amount added thereofis too large, further enhancement of the
effect of the present invention can be hardly achieved.

Examples of lecithin in which phosphatidylcholine (here-
inafter, abbreviated to PC) accounts for 50% or more (here-
inafter, abbreviated to PC=50%) used as the emulsifier E3 in
the present invention include normal lecithins obtained in a
degumming step in production of a vegetable oil. Examples of
such lecithin include vegetable lecithins such as a rapeseed
lecithin and a soybean lecithin processed to increase a per-
centage of PC relative to a phospholipid content to 50% or
more, and an egg lecithin derived from egg yolk. The veg-
etable lecithin contains constituent phospholipids other than
PC such as phosphatidylethanolamine, phosphatidyl inositol,
and phosphatidic acid, which are preferably removed off. The
vegetable lecithin of PC=50% (e.g., soybean lecithin) can be
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obtained by, for example, treating a normal vegetable lecithin
with acetone, treating an acetone-insoluble fraction with
ethanol, and evaporating ethanol from an ethanol-soluble
fraction, thereby obtaining a vegetable lecithin of PC=50%
(e.g., soybean fractionated lecithin).

Examples of lysolecithin in which lysophosphatidylcho-
line (hereinafter, abbreviated to LPC) accounts for 50% or
more used as the emulsifier E3 in the present invention
include those containing [.PC in a percentage of 50% or more
relative to a lysophospholipid content obtained by the steps
including enzymatically decomposing vegetable lecithins,
such as a rapeseed lecithin and a soybean lecithin, and an egg
lecithin derived from egg yolk with a phospholipase A1, A2,
or the like, and solvent-fractionating or the like so as to
increase a percentage of LPC to 50% or more.

The lysolecithin is preferably an egg lecithin as is, or is
preferably obtained by enzymatically decomposing the veg-
etable lecithin of PC=50% or enzymatically decomposing a
normal vegetable lecithin to obtain from an ethanol-soluble
fraction. Enzymatic decomposition can be conducted by or
according to the known method. Examples of the method
include a method of hydrolysis by heating an aqueous solu-
tion containing an egg lecithin or a vegetable lecithin of
PC=50% to about 50 to 60° C. and treating with a phospho-
lipase Al or A2.

In the present invention, a lecithin amount can be repre-
sented in terms of an amount of acetone-insoluble phospho-
lipid. The amount of the phospholipid can be measured by, for
example, a method described in “Kijun Yushi Bunseki Shiken
Hou (Standard Methods for the Analysis of Fats, Oils and
Related Materials), 5.3.3.1-86, Rin Shishitsu Rin Sosei
(phospholipid and phosphorous composition)”, Japan Oil
Chemists” Society.

The lecithin in which a percentage of PC relative to a
phospholipid content is 50% or more and the lysolecithin in
which a percentage of LPC relative to a phospholipid content
is 50% or more may be used alone or in combination thereof.
The reason that a percentage of PC or LPC relative to a
phospholipid content is 50% or more is that a too low per-
centage of PC or LPC relative to a phospholipid content
causes the resultant solubilized composition containing an
oil-soluble substance to inhibit solubility and transparency of
the composition.

When the emulsifier E3 is added, an amount added is
preferably about 0.1 to 20 parts by mass, more preferably
about 0.2 to 15 parts by mass, and still more preferably about
0.5 to 15 parts by mass to 1 part by mass of the oil-soluble
substance, considering a solubilizing effect of the emulsifier
E3 and a content of the oil-soluble substance. If the content of
the emulsifier E3 is too small, it is difficult to stably solubilize
the oil-soluble substance, and if the content thereof is too
large, further enhancement of the effect of the present inven-
tion can be hardly achieved, rather may cause a disadvantage
of a reduced content of the oil-soluble substance, and in
addition, may aftect flavor.

In the step 1, the oil-soluble substance and two or three
emulsifiers selected from the emulsifier E1, E2 or E3 are
preferably transparently dissolved in (a) ethanol or (b) a
mixed solvent of ethanol with one or more solvent(s) selected
from acetone, hexane, and ethyl acetate. Examples of a com-
bination of two or three emulsifiers selected from the emul-
sifier E1, E2 or E3 include: (i) a combination of the emulsi-
fiers E1 and E2; (i1) a combination of the emulsifiers E1 and
E3; (iii) a combination of the emulsifiers E2 and E3; and (iv)
acombination ofthe emulsifiers E1, E2 and E3. Among them,
the combination (iv) is particularly preferred.
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A mixing ratio of the emulsifiers is, for example, in the
combination (iv), preferably about 0.1 to 50 parts by mass of
the emulsifier E1, about 0.1 to 30 parts by mass of the emul-
sifier E2, and about 0.1 to 20 parts by mass of the emulsifier
E3, more preferably about 0.2 to 40 parts by mass of the
emulsifier E1, about 0.2 to 25 parts by mass of the emulsifier
E2,and about 0.2 to 15 parts by mass of the emulsifier E3, and
still more preferably about 0.5 to 40 parts by mass of the
emulsifier E1, about 0.5 to 25 parts by mass of the emulsifier
E2, and about 0.5 to 15 parts by mass of the emulsifier E3 to
1 part by mass of the oil-soluble substance.

In the step 1, ethanol used has no specific limitation. Pre-
ferred examples of such ethanol include absolute ethanol
(about 99% by volume or more) and industrial ethanol (about
95% by volume or more).

A preferred combination of the solvents used in the step 1
is ethanol, a mixed solvent of ethanol and acetone, or a mixed
solvent of ethanol and hexane, provided that a percentage of
ethanol in the solvent is not less than 50 (V/V) %.

Examples of the mixed solvent of ethanol with at least one
selected from the group consisting of acetone, hexane and
ethyl acetate include mixed solvents of ethanol with acetone,
ethanol with hexane, ethanol with ethyl acetate, ethanol with
acetone and hexane, ethanol with acetone and ethyl acetate,
ethanol with hexane and ethyl acetate, and ethanol with
acetone, hexane and ethyl acetate. Among them, preferred
mixed solvents are those of ethanol with acetone, ethanol
with hexane, ethanol with ethyl acetate, and ethanol with
acetone and hexane, and more preferred mixed solvents are
those of ethanol with acetone, and ethanol with hexane.

A mixing ratio of ethanol to other solvents is preferably
from about 50 (V/V) % or more to less than about 100 (V/V)
% of ethanol and the rest part of other solvents, more prefer-
ably from about 60 (V/V) % or more to about 90 (V/V) % or
less of ethanol and the rest part of other solvents, and still
more preferably from about 65 (V/V) % or more to about 80
(VIV) % or less of ethanol and the rest part of other solvents.
Use of such a mixed solvent makes dissolution of the oil-
soluble substance easier, and therefore a transparent solution
of the oil-soluble substance and the emulsifiers can be
obtained with a less amount of solvent.

An amount used of ethanol or the mixed solvent in the step
1 is, although varied according to types of the oil-soluble
substance and the emulsifiers, preferably within the range of
about 3 to 500 parts by mass, more preferably within the range
of about 5 to 400 parts by mass, and still more preferably
within the range of about 10 to 300 parts by mass to 1 part by
mass of the oil-soluble substance. Within the range as
described above, the oil-soluble substance and the emulsifiers
can be transparently dissolved.

Dissolution of the oil-soluble substance and the emulsifiers
in the step 1 is preferably conducted at room temperature or
under a heating condition at about 50 to 60° C. The dissolu-
tion of the oil-soluble substance and the emulsifiers may be
conducted with stirring optionally. Stirring can be performed
with a known stirrer, for example, a common propeller stirrer.
In the present invention, the “transparent” solution may be
colored and a color tone of the solution may be determined
depending on a type, an amount, and the like of the oil-soluble
substance.

Inthe step 1, lower alcohols such as methanol, 1-propanol,
2-propanol, and 1-butanol may also be used instead of etha-
nol. In this case, ethanol may be replaced partially or wholly.

The solvent used in the step 1 may also contain water
within the range not departing from the object of the present
invention as long as the oil-soluble substance and the emul-
sifiers are transparently dissolved in the solvent. The method
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for preparation using such a solvent containing water is also
within the scope of the present invention.

In the method for preparation of the present invention, the
solution of the oil-soluble substance and two or three emul-
sifiers selected from the emulsifiers E1, E2, or E3 transpar-
ently dissolved in the solvent in the step 1 may further be
added with a polyhydric alcohol optionally. The polyhydric
alcohol is an alcohol having two or more hydroxyl groups in
one molecule. Specific examples of the polyhydric alcohol
include propylene glycol, glycerol, and sugar alcohols such
as erythritol, sorbitol, maltitol and reduced starch syrup.
Those polyhydric alcohol(s) may be used alone or in combi-
nation of two or more. An amount added of the polyhydric
alcohol is, although it may be varied according to a type of the
polyhydric alcohol, and types and amounts of the oil-soluble
substance and the emulsifiers E1, E2, and E3 to be used for
preparing the solubilized composition containing an oil-
soluble substance, preferably within the range capable of
maintaining transparency of the solution prepared as a trans-
parent solution in the step 1. The range as described above is
generally preferably not more than about 50 parts by mass,
more preferably from about 0.5 to 20 parts by mass, and still
more preferably from about 1 to 10 parts by mass to 1 part by
mass of the oil-soluble substance. The polyhydric alcohol
may be added to the solvent used in the step 1, or to the
solution of the oil-soluble substance and the emulsifiers dis-
solved in the solvent.

The solubilized composition containing an oil-soluble sub-
stance prepared by further adding the polyhydric alcohol is
easy to handle, and can have increased solubility in an aque-
ous medium.

Distillation off of the solvent in the step 2 of the present
invention can be conducted by any method without limitation.
Examples of the method include distillation under a reduced
pressure of not more than about 20 mmHg with heating at
about 40 to 60° C. After distillation off of the solvent, the
composition is preferably substantially free of the solvent, or
preferably does not contain all of the above-described sol-
vents used for transparently dissolving the oil-soluble sub-
stance and two or three emulsifiers selected from the emulsi-
fier E1, E2, or E3. The composition after distillation off of the
solvent is preferably composed of (1) the oil-soluble sub-
stance and two or three emulsifiers selected from the emulsi-
fier E1, E2, or E3; or (2) the oil-soluble substance, two or
three emulsifiers selected from the emulsifier E1, E2, or E3,
and the polyhydric alcohol optionally added.

The solubilized composition containing an oil-soluble sub-
stance prepared according to the method for preparation of
the present invention is, when added to an aqueous medium,
easily dissolved and uniformly dispersed in the aqueous
medium.

The solubilized composition containing an oil-soluble sub-
stance prepared according to the method for preparation of
the present invention has acid resistance and heat resistance,
and can maintain the acid resistance and the heat resistance in
an aqueous medium to which the solubilized composition
containing an oil-soluble substance is added. As used herein,
“acid resistance” means that the composition is stable under
an acidic condition, and includes, for example, the state that
the oil-soluble substance does not separate from the acidic
aqueous medium. Examples of the acidic aqueous medium
include an aqueous citric acid solution, fruit juices, and acetic
acid of about pH 3 to 5. As used herein, “heat resistance”
means that the composition is stable under a high temperature
condition such as when subjected to a high temperature ster-
ilization or placed under a high temperature environment.
Examples of the high temperature sterilization generally



US 9,345,250 B2

9

include high temperature sterilizations at about not less than
100° C. such as a high-pressure steam sterilization using an
autoclave set to about 120 to 125° C. and a moist heat steril-
ization using a multi-plate heater set to about 130° C. to 150°
C. Examples of the high temperature environment include a
situation that a food and drink is stored in a warmer set to
about 50 to 80° C.

The solubilized composition containing an oil-soluble sub-
stance prepared according to the method for preparation of
the present invention preferably include: (i) a solubilized
composition containing the oil-soluble substance and the
emulsifiers E1 and E2 in amounts of about 0.1 to 50 parts by
mass and about 0.1 to 30 parts by mass, respectively, to 1 part
by mass of the oil-soluble substance; (ii) a solubilized com-
position containing the oil-soluble substance and the emulsi-
fiers E1 and E3 in amounts of about 0.1 to 50 parts by mass
and about 0.1 to 20 parts by mass, respectively, to 1 part by
mass of the oil-soluble substance; (iii) a solubilized compo-
sition containing the oil-soluble substance and the emulsifiers
E2 and E3 in amounts of about 0.1 to 30 parts by mass and
about 0.1 to 20 parts by mass, respectively, to 1 part by mass
of the oil-soluble substance; and (iv) a solubilized composi-
tion containing the oil-soluble substance and the emulsifiers
E1l, E2 and E3 in amounts of about 0.1 to 50 parts by mass,
about 0.1 to 30 parts by mass and about 0.1 to 20 parts by
mass, respectively, to 1 part by mass of the oil-soluble sub-
stance. Among them, the composition (iv) is particularly pre-
ferred.

The solubilized composition containing an oil-soluble sub-
stance prepared according to the method for preparation of
the present invention may further contain ethanol. In this
case, ethanol is contained in any amount, but preferably not
more than about 50 parts by mass, more preferably not more
than about 40 parts by mass, and still more preferably not
more than about 30 parts by mass to 1 part by mass of the
oil-soluble substance. Addition of ethanol makes handling of
the solubilized composition containing an oil-soluble sub-
stance easier. For example, the solubilized composition con-
taining an oil-soluble substance that further contains ethanol
may be, when added to an aqueous medium, more easily
dissolved and dispersed in the aqueous medium.

When the solubilized composition containing an oil-
soluble substance prepared according to the method for
preparation of the present invention contains ethanol, a nec-
essary amount of ethanol may be left in the composition after
distillation off of the solvent in the step 2, or may be added to
the composition after distillation off of the solvent in the step
2.

The solubilized composition containing an oil-soluble sub-
stance prepared according to the method for preparation of
the present invention may further contain an emulsifier other
than the emulsifiers E1, E2, and E3 within the range of not
impairing the effect of the present invention. Specific
examples of another emulsifier include polyglycerol fatty
acid esters other than the emulsifier E1, sucrose fatty acid
esters other than the emulsifier E2, lecithins and lysolecithins
other than the emulsifier E3, other organic acid esters of
monoglycerides, sorbitan fatty acid esters, propylene glycol
fatty acid esters, saponin, sterol, cholic acid, deoxycholic
acid, a yucca extract. These emulsifier(s) may be added alone
or in combination of two or more.

The solubilized composition containing an oil-soluble sub-
stance prepared according to the method for preparation of
the present invention can be ingested as a solution in water
without further processing, or used as a raw material for foods
and drinks and cosmetics. When the solubilized composition
containing an oil-soluble substance prepared according to the
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method for preparation of the present invention is used as a
raw material for foods and drinks and cosmetics and added to
an aqueous medium, the composition can be made soluble
only by light stirring. The solubilization includes both of
formation of a thermodynamically stable solution of the solu-
bilized composition containing an oil-soluble substance by
dispersion of the composition in the aqueous medium, and
formation of an uniform mixture of an oil phase and a water
phase like as a microemulsion. The aqueous medium added
with the solubilized composition containing an oil-soluble
substance according to, the present invention can be a trans-
parent solution, or a stable solution lacking transparency but
that will not make the oil-soluble substance depositing or
floating.

When the solubilized composition containing an oil-
soluble substance prepared according to the method for
preparation of the present invention is used as a raw material
for foods and drinks and cosmetics, the composition is pref-
erably diluted by about 30 to 5000 times.

The solubilized composition containing an oil-soluble sub-
stance of the present invention can be used in any food and
drink. Examples of the food and drink include sports bever-
ages containing at least one ingredient selected from minerals
such as a table salt, acidulants, sweeteners, alcohols, vita-
mins, flavors, or fruit juices, and other beverages such as cow
milk, soy milk, and fruit juices, acidic beverages such as black
vinegar, lactobacillus beverages, carbonated beverages, alco-
holic beverages, and nutritious beverages containing vita-
mins, minerals, and vegetable extracts such as those from
turmeric. Examples of the common food include processed
foods such as bread, confectionery, yogurt, dressing, soup,
miso soup, and stew, and seasonings such as soy source and
broth. When the solubilized composition containing an oil-
soluble substance of the present invention is used in a drink,
the drink can keep a uniform emulsified or solubilized state
without causing creaming and/or separation of an oil-soluble
ingredient for a long period of storage. The drink containing
the solubilized composition containing an oil-soluble sub-
stance of the present invention can be subjected to a sterilizing
treatment at a temperature of about 90 to 120° C.

The solubilized composition containing an oil-soluble sub-
stance of the present invention can be used in any cosmetic.
Examples of the cosmetic include detergents, shampoos,
rinses, hair tonics, hair lotions, after-shave lotions, body
lotions, cosmetic lotions, cleansing creams, massage creams,
emollient creams, aerosol products, air refreshers, fragrances,
deodorants, and bath agents.

The solubilized composition containing an oil-soluble sub-
stance of the present invention can be easily uniformly mixed
with or dissolved in aqueous foods and drinks and cosmetics.
The composition therefore can solubilize an oil-soluble sub-
stance in aqueous foods and drinks and cosmetics. The solu-
bilized composition containing an oil-soluble substance of
the present invention is, when added to an aqueous medium,
uniformly solubilized in the aqueous medium only by light
stirring without an emulsifying apparatus or a high-pressure
homogenizer which applies strong shearing force. The solu-
bilized composition containing an oil-soluble substance of
the present invention has good acid resistance, and therefore
an aqueous food and drink or cosmetic added with the solu-
bilized composition containing an oil-soluble substance of
the present invention can remain stable without causing sepa-
ration of the oil-soluble substance even when the aqueous
food and drink or cosmetic is an acidic solution containing an
acid such as citric acid. The solubilized composition contain-
ing an oil-soluble substance of the present invention has good
heat resistance, and therefore an aqueous food and drink or
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cosmetic added with the solubilized composition containing
an oil-soluble substance of the present invention can remain
stable without causing separation of the oil-soluble substance
even when the aqueous food and drink or cosmetic is sub-
jected to a high temperature sterilization when it needs the
high temperature sterilization.

The present invention also provides use of the composition
as a solubilizer of the oil-soluble substance for foods and
drinks or cosmetics, wherein the composition is prepared by
a method including: the step of dissolving the oil-soluble
substance and two or three emulsifiers selected from

(1) the emulsifier E1 containing an ester of a fatty acid
having an HLB of not less than 10 and not more than 14
carbon atoms with a polyglycerol having a polymerization
degree of not less than 3,

(2) the emulsifier E2 containing an ester of a fatty acid
having an HLB of not less than 10 and not more than 14
carbon atoms with sucrose, or

(3) the emulsifier E3 containing lecithin in which phos-
phatidylcholine accounts for not less than 50% and/or lyso-
lecithin in which lysophosphatidylcholine accounts for not
less than 50% of a phospholipid content in (a) ethanol or (b)
a mixed solvent of ethanol with at least one selected from the
group consisting of acetone, hexane, and ethyl acetate to
prepare a transparent solution; and

the step of distilling the solvent off from the transparent
solution.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described inmore
detail with reference to Examples, but should not be limited
by the Examples.

The present invention can be varied, modified, or improved
based on the knowledge of those skilled in the art within the
spirit and scope not deviating from those of the invention, in
addition to the following Examples and further the aforemen-
tioned specific descriptions. In Examples, the “percentage”
means “% by mass”.

Emulsifiers used in Examples were the following commer-
cial products.

Decaglycerol monomyristate: Glyster MM-750, manufac-
tured by Sakamoto Yakuhin Kogyo Co., Ltd. (polymerization
degree 10, HLB 15.5)

Decaglycerol monolaurate: Glyster ML-750, manufac-
tured by Sakamoto Yakuhin Kogyo Co., Ltd. (polymerization
degree 10, HLB 14.8)

Decaglycerol monocaprate: Glyster MD-750, manufac-
tured by Sakamoto Yakuhin Kogyo Co., Ltd. (polymerization
degree 10, HLB 15.0)

Decaglycerol monostearate: Glyster MSW-7S, manufac-
tured by Sakamoto Yakuhin Kogyo Co., Ltd. (polymerization
degree 10, HLB 13.4)

Decaglycerol monooleate: Glyster MO-7S, manufactured
by Sakamoto Yakuhin Kogyo Co., Ltd. (polymerization
degree 10, HLB 12.9)

Decaglycerol monopalmitate: Ryoto P-8D, manufactured
by Mitsubishi-Kagaku Foods Corporation (polymerization
degree 10, HLB 16)

Tetraglycerol monolaurate: Glyster ML-310, manufac-
tured by Sakamoto Yakuhin Kogyo Co., Ltd. (polymerization
degree 4, HLB 10.3)

Diglycerol monomyristate: Poem DM-100, manufactured
by Riken Vitamin Co., Ltd. (polymerization degree 2, HLB
8.8)

Sucrose laurate (monoester 80%): Ryoto [-1695, manu-
factured by Mitsubishi-Kagaku Foods Corporation (HLB 16)

Sucrose laurate (monoester 30%): Ryoto [.-595, manufac-
tured by Mitsubishi-Kagaku Foods Corporation (HLB 5)
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Sucrose myristate (monoester 80%): Ryoto M-1695,
manufactured by Mitsubishi-Kagaku Foods Corporation
(HLB 16)

Sucrose oleate (monoester 70%): Ryoto O-1570, manufac-
tured by Mitsubishi-Kagaku Foods Corporation (HLLB 15)

Sucrose palmitate (monoester 80%): Ryoto P-1670, manu-
factured by Mitsubishi-Kagaku Foods Corporation (HLB 16)

Sorbitol monolaurate: Poem [-300, manufactured by
Riken Vitamin Co., Ltd. (HLB 8.0)

Sorbitan monolaurate: Emasol [.-10V, manufactured by
Kao Corporation (HLB 8.6)

Soybean lecithin: SLP-paste, manufactured by Tsuji Oil
Mill Co., Ltd. (acetone-insoluble matter (phospholipid con-
tent): 62% by mass (percentage of PC to phospholipid: 28%))

Soybean fractionated lecithin PC35: SLP-PC35, manufac-
tured by Tsuji Oil Mill Co., Ltd. (acetone-insoluble matter
(phospholipid content): 65% by mass (percentage of PC to
phospholipid: 70%))

Soybean fractionated lysolecithin LPC70: SLP-LPC70,
manufactured by Tsuji Oil Mill Co., Ltd. (acetone-insoluble
matter (phospholipid content): 98% by mass (percentage of
LPC to lysophospholipid: 76%))

In Examples, an HL.B value was calculated using the fol-
lowing Griffin’s equation.

HLB=20x(1-SV/NV)
SV: saponification value of an ester
NV: neutralization value of a raw material fatty acid

Example 1

Turmeric (Curcumin C3 Complex, manufactured by Sabinsa 25g
Japan Corporation, purity: 96.95%, the same turmeric was used

in the following Examples)

Decaglycerol monomyristate 92.5¢g
Soybean fractionated lecithin PC35 50g

Turmeric, decaglycerol monomyristate, and soybean frac-
tionated lecithin PC35 were added to 500 g of ethanol (99%
by volume) and dissolved with heating to 60° C. for 10 min-
utes. Then, ethanol was distilled off under reduced pressure to
give 100 g of a solubilized composition as a paste.

Example 2

100 g of a solubilized composition as a semi-solid was
similarly obtained as in Example 1, exceptthat 5 g of soybean
fractionated lysolecithin LPC70 was used instead of 5 g of
soybean fractionated lecithin PC35 in Example 1.

Example 3

100 g of a solubilized composition as a semi-solid was
similarly obtained as in Example 1, exceptthat 2 g of soybean
fractionated lecithin PC35 and 3 g of soybean fractionated
lysolecithin LPC70 were used instead of 5 g of soybean
fractionated lecithin PC35 in Example 1.

Example 4

Turmeric 25¢g
Decaglycerol monolaurate N5g
Soybean fractionated lecithin PC35 50g
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Turmeric, decaglycerol monolaurate, and soybean frac-
tionated lecithin PC35 were added to 500 g of ethanol (99%
by volume) and dissolved with heating to 60° C. for 10 min-
utes. Then, ethanol was distilled off under reduced pressure to
give 100 g of a solubilized composition as a paste.

Example 5
100 g of a solubilized composition as a semi-solid was
similarly obtained as in Example 4, except that 5 g of soybean
fractionated lysolecithin LPC70 was used instead of 5 g of
soybean fractionated lecithin PC35 in Example 4.

Example 6

Turmeric 25g
Decaglycerol monocaprate 925¢g
Soybean fractionated lecithin PC35 50g

Turmeric, decaglycerol monocaprate, and soybean frac-
tionated lecithin PC35 were added to 500 g of ethanol (99%
by volume) and dissolved with heating to 60° C. for 10 min-
utes. Then, ethanol was distilled off under reduced pressure to
give 100 g of a solubilized composition as a paste.

Example 7
100 g of a solubilized composition as a semi-solid was
similarly obtained as in Example 6, except that 5 g of soybean
fractionated lysolecithin LPC70 was used instead of 5 g of
soybean fractionated lecithin PC35 in Example 6.

Example 8

Turmeric 25g
Tetraglycerol monolaurate 925¢g
Soybean fractionated lecithin PC35 50g

Turmeric, tetraglycerol monolaurate, and soybean frac-
tionated lecithin PC35 were added to 500 g of ethanol (99%
by volume) and dissolved with heating to 60° C. for 10 min-
utes. Then, ethanol was distilled off under reduced pressure to
give 100 g of a solubilized composition as a paste.

Example 9
100 g of a solubilized composition as a semi-solid was
similarly obtained as in Example 8, except that 5 g of soybean
fractionated lysolecithin LPC70 was used instead of 5 g of
soybean fractionated lecithin PC35 in Example 8.

Example 10

Turmeric 25g
Sucrose myristate 925¢g
Soybean fractionated lecithin PC35 50g

Turmeric, sucrose myristate, and soybean fractionated
lecithin PC35 were added to 500 g of ethanol (99% by vol-
ume) and dissolved with heating to 60° C. for 10 minutes.
Then, ethanol was distilled oft under reduced pressure to give
100 g of a solubilized composition as a paste.

14
Example 11

100 g of a solubilized composition as a semi-solid was

similarly obtained as in Example 10, except that 5 g of soy-

5 bean fractionated lysolecithin LPC70 was used instead of 5 g
of soybean fractionated lecithin PC35 in Example 10.

Example 12
10
Turmeric 25¢g
Sucrose laurate (L-1695) N5g
Soybean fractionated lecithin PC35 50g
15

Turmeric, sucrose laurate, and soybean fractionated leci-
thin PC35 were added to 500 g of ethanol (99% by volume)
and dissolved with heating to 60° C. for 10 minutes. Then,
ethanol was distilled off under reduced pressure to give 100 g
of a solubilized composition as a paste.

Example 13

25 100 g of a solubilized composition as a semi-solid was
similarly obtained as in Example 12, except that 5 g of soy-
bean fractionated lysolecithin LPC70 was used instead of 5 g

of soybean fractionated lecithin PC35 in Example 12.

30 Example 14
Turmeric 25¢g
35 Decaglycerol monomyristate N5g
Sucrose laurate (L-1695) 50g

Turmeric, decaglycerol monomyristate, and sucrose lau-
rate were added to 500 g of ethanol (99% by volume) and
dissolved with heating to 60° C. for 10 minutes. Then, ethanol
was distilled off under reduced pressure to give 100 g of a
solubilized composition as a paste.

5 Example 15
Turmeric 25¢g
Decaglycerol monomyristate 90.0g
50 Sucrose laurate (L-1695) 50g
Soybean fractionated lecithin PC35 25¢g

Turmeric, decaglycerol monomyristate, sucrose laurate,
and soybean fractionated lecithin PC35 were added to 500 g
of'ethanol (99% by volume) and dissolved with heating to 60°
C. for 10 minutes. Then, ethanol was distilled off under
reduced pressure to give 100 g ofa solubilized composition as
a semi-solid.

wn
o

60
Comparative Examples 1 to 11

Compositions of Comparative Examples 1to 11 were simi-
larly prepared as in Example 1, except that emulsifiers in the
following Table 1 were used instead of decaglycerol mono-
myristate and soybean fractionated lecithin PC35 in Example
1.

65
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TABLE 1
Comparative
Example Emulsifier

1 Decaglycerol monomyristate 97.5 g 5

2 Decaglycerol monomyristate 92.5 g and soybean lecithin
50g

3 Decaglycerol monostearate 92.5 g and soybean fractionated
lecithin PC355.0 g

4 Decaglycerol monooleate 92.5 g and soybean fractionated 10
lecithin PC355.0 g

5 Decaglycerol monopalmitate 92.5 g and soybean
fractionated lecithin PC35 5.0 g

6 Diglycerol monomyristate 92.5 g and soybean fractionated
lecithin PC355.0 g

7 Sucrose oleate 92.5 g and soybean fractionated lecithin 15
PC355.0g

8 Sucrose palmitate 92.5 g and soybean fractionated lecithin
PC355.0g

9 Sucrose laurate (L-595) 92.5 g and soybean fractionated

lecithin PC355.0 g

Sorbitol monolaurate 92.5 g and soybean fractionated

lecithin PC355.0 g

11 Sorbitan monolaurate 92.5 g and soybean fractionated
lecithin PC355.0 g

10

25
Example 16
30
Turmeric 25g
Decaglycerol monomyristate 925¢g
Soybean fractionated lecithin PC35 50g

Turmeric, decaglycerol monomyristate, and soybean frac-
tionated lecithin PC35 were added to 500 g of 70% ethanol
(containing 30% of water) and dissolved with heating to 60°
C. for 10 minutes. After confirming that the solution became
transparent, 70% ecthanol was distilled off under reduced
pressure to give 100 g of a composition as a hard paste.

40

Comparative Example 12

45
A mixture was similarly prepared and heated at 60° C. as in

Example 16, except that an aqueous solution of 50% ethanol
was used instead of 70% ethanol in Example 16. The heated
solution did not become transparent in 10 minutes and was
opaque, containing a small amount of insoluble matter. After
further heating for one hour, the mixture was still opaque.
Then, the aqueous solution of 50% ethanol was distilled off
under reduced pressure to give 100 g of a composition as a
nonuniform paste.

50
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Example 17
- 60
Turmeric 25¢g
Decaglycerol monomyristate 925¢g
Soybean fractionated lecithin PC35 50g
Turmeric, decaglycerol monomyristate, and soybean frac- ¢s

tionated lecithin PC35 were dissolved in 100 g of acetone.
The mixture was added to 200 g of ethanol (99% by volume),

16

and stirred to give a transparent solution. Solvents were dis-
tilled oft under reduced pressure to give 100 g of a composi-
tion as a hard paste.

Example 18

Turmeric 25¢g
Decaglycerol monomyristate N5g
Soybean fractionated lecithin PC35 50g
Ethanol 50g

Turmeric, decaglycerol monomyristate, and soybean frac-
tionated lecithin PC35 were added to 500 g of ethanol (99%
by volume) and dissolved with heating to 60° C. over 10
minutes. After confirming that the solution became transpar-
ent, ethanol was distilled off under reduced pressure so as to
leave 5 g of ethanol to give 105 g of a composition as a soft

paste.
Example 19
Turmeric 25¢g
Decaglycerol monomyristate N5g
Soybean fractionated lecithin PC35 50g
Ethanol 500¢g

Turmeric, decaglycerol monomyristate, and soybean frac-
tionated lecithin PC35 were added to 500 g of ethanol (99%
by volume) and dissolved with heating to 60° C. for 10 min-
utes. After confirming that the solution became transparent,
ethanol was distilled off under reduced pressure so as to leave
50 g of ethanol to give 150 g of a viscous solution.

Example 20
Turmeric 25¢g
Decaglycerol monomyristate N5g
Soybean fractionated lecithin PC35 50g
Glycerol 50g

Turmeric, decaglycerol monomyristate, and soybean frac-
tionated lecithin PC35 were added to 500 g of ethanol (99%
by volume), in which glycerol was dissolved, and dissolved
with heating to 60° C. for 10 minutes. After confirming that
the solution became transparent, ethanol was distilled off
under reduced pressure to give 105 g of a composition as a
soft paste.

Example 21

Turmeric 25¢g
Decaglycerol monomyristate N5g
Soybean fractionated lecithin PC35 50g
Maltitol 50g

Turmeric, decaglycerol monomyristate, and soybean frac-
tionated lecithin PC35 were added to 500 g of ethanol (99%
by volume), in which maltito]l was dissolved, and dissolved
with heating to 60° C. for 10 minutes. After confirming that
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the solution became transparent, ethanol was distilled off
under reduced pressure to give 105 g of a composition as a
relatively hard paste.

Comparative Example 13

100 g of a composition was prepared from the same tur-
meric, decaglycerol monomyristate, and soybean fraction-
ated lecithin PC35 as in Example 1, by kneading them for 30
minutes at 100° C. without dissolving in ethanol and without
using a solvent.

Comparative Example 14

Turmeric, decaglycerol monomyristate, and soybean frac-
tionated lecithin were added with stirring to 1 L. of 70° C.
warm water instead of ethanol in Example 1. After 10 min-
utes, the mixture was subjected to emulsification with a dis-
perser (manufactured by Janke & Kunkel GmbH & Co. KG)
at 24000 rounds for 10 minutes to give a milky white emul-
sion. The emulsion was concentrated under reduced pressure
to give a composition as a nonuniform paste.

Test Example 1

Each of the compositions of Examples 1 to 15 and Com-
parative Examples 1 to 11 was added to water so that a
concentration thereof was 5% and gently stirred as ordinarily
done. The resultant aqueous solution was examined for trans-
parency. The transparency was graded into the following
three grades. The results are shown in Table 2.

Evaluation of Transparency:

O: transparently dissolved

A: dissolved but not transparent

x: contained insoluble matters floating or precipitating

TABLE 2

Transparency of the

Solubilized composition aqueous solution

Example 1

Example 2

Example 4

Example 5

Example 6

Example 7

Example 8

Example 9

Example 10

Example 11

Example 12

Example 13

Example 14

Example 15
Comparative Example 1
Comparative Example 2
Comparative Example 3
Comparative Example 4
Comparative Example 5
Comparative Example 6
Comparative Example 7
Comparative Example 8
Comparative Example 9
Comparative Example 10
Comparative Example 11

(@]9
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Compositions containing polyglycerol esters of fatty acids
having a polymerization degree of not less than 3, an HL.B of
not less than 10 and not more than 14 carbon atoms, soybean
fractionated lecithins or soybean fractionated lysolecithins in
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which a percentage of PC or LPC was not less than 50%, and
turmeric were transparently dissolved in the aqueous solution
(Examples 1 to 9).

It was found that the polyglycerol fatty acid ester alone
insufficiently functioned as an emulsifier (Comparative
Example 1), and that the composition containing the polyg-
lycerol fatty acid ester and a normal soybean lecithin resulted
in an ethanol solution containing insoluble matters, and did
not give a solubilized composition after distillation off of
ethanol (Comparative Example 2).

Compositions containing polyglycerol esters of fatty acids
having more than 14 carbon atoms including palmitic acid,
oleic acid, and stearic acid also were inadequate as solubi-
lized compositions even though the esters had an HLB of not
less than 10 and the polyglycerols had a polymerization
degree of not less than 3 (Comparative Examples 3 to 5).

The composition containing the fatty acid ester of the
polyglycerol having a polymerization degree of less than 3
was not transparently dissolved in the aqueous solution even
though the composition contained the polyglycerol ester of
fatty acid having not more than 14 carbon atoms (Compara-
tive Example 6).

Compositions containing sucrose esters of fatty acids hav-
ing an HL.B of not less than 10 and not more than 14 carbon
atoms, soybean fractionated lecithins or soybean fractionated
lysolecithins in which a percentage of PC or LPC was not less
than 50%, and turmeric were transparently dissolved in the
aqueous solution (Examples 10 to 13). Compositions con-
taining esters of fatty acids having more than 14 carbon atoms
including palmitic acid and oleic acid with polyglycerols
having a polymerization degree of not less than 3, and the
composition containing the polyglycerol ester of the fatty
acid having not more than 14 carbon atoms including lauric
acid but having an HLLB of less than 10 did not transparently
dissolve in the aqueous solution (Comparative Examples 7 to
9).

The composition containing the polyglycerol ester of the
fatty acid having a polymerization degree of not less than 3, a
10 or more HLB and not more than 14 carbon atoms, the
sucrose fatty acid ester, and turmeric was transparently dis-
solved in the aqueous solution without a soybean fractionated
lecithin or soybean fractionated lysolecithin (Example 14).
However, the composition further containing a soybean frac-
tionated lecithin and a soybean fractionated lysolecithin had
higher solubility and resulted in a more transparent solution
(Example 15).

Compositions prepared by using sorbitol and sorbitan fatty
acid esters other than polyglycerol fatty acid esters and
sucrose fatty acid esters were not transparently dissolved in
the aqueous solution (Comparative Examples 10 to 11).

Test Example 2

Heat and Acid Resistance Test of Solubilized
Composition

Each of the solubilized compositions of Examples 2 and 3,
and the composition of Comparative Example 1 was added
and dissolved in water or a citric acid bufter of pH 3 so thata
concentration of the composition was 5%. The mixtures were
heat treated for 30 minutes at 120° C. when the solvent is
water, and for 10 minutes at 110° C. when the solvent is the
citric acid buffer of pH 3. The heat-treated solutions were
stored for 30 days at 40° C., and examined for transparency.
The transparency was evaluated into the following three
grades. The results are shown in Table 3.
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Evaluation of Transparency:

O: transparently dissolved

A: dissolved but not transparent

x: contained insoluble matters floating or precipitating

TABLE 3
Citric acid
Water buffer (pH 3)
Immediately 40°C.x 30 Immediately  40°C.x 30

Composition  after heating days after heating days
Example 2 O O O O
Example 3 O O O O
Comparative X X X X
Example 1

Solubilized compositions of Examples 2 and 3 of the
present invention also had heat resistance and acid resistance,
not only transparently dissolved and solubilized. The compo-
sition of Comparative Example 1 without a soybean fraction-
ated lecithin or a soybean fractionated lysolecithin was infe-
rior in terms of both acid and heat resistance.

Test Example 3

The following items were evaluated:

transparency of the compositions of Examples 1, 16, and
17, and Comparative Example 12 as a solution in a solvent
after turmeric, decaglycerol monomyristate, and soybean
fractionated lecithin PC35 were added to the solvent and
heated before the solvent was distilled off;

state of the resultant compositions of Examples 1, 16, and
17, and Comparative Examples 12, 13, and 14; and

transparency of aqueous solutions prepared by adding the
resultant compositions to the solutions so as to be 5% con-
centration, and stirring.

The transparency was evaluated into the following three
grades. The results are shown in Table 4.

Evaluation of Transparency:

O: transparently dissolved

A: dissolved but not transparent

x: contained insoluble matters floating or precipitating

TABLE 4
Transparency of Transparency
solution in State of of aqueous
solvent composition solution
Example 1 O uniform paste O
Example 16 O uniform paste O
Example 17 O uniform paste O
Comparative A nonuniform X
Example 12 paste
Comparative — nonuniform X
Example 13 paste
Comparative — nonuniform X
Example 14 paste

Similar results were obtained by using a soybean fraction-
ated lysolecithin LPC70 instead of the soybean fractionated
lecithin PC35 in Examples 16 and 17, and Comparative
Examples 12 to 14.

In the method for preparing a solubilized composition con-
taining an oil-soluble substance of the present invention,
when the solvent is ethanol (99% by volume) alone, or a
mixed solvent of ethanol with 30% of water or acetone, a
solution before distilling off of the solvent was transparent,
and a composition obtained by distilling the solvent off was
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transparently dissolved in a solution when being added
thereto (Examples 1, 16, and 17). However, when the solvent
used was a 50% aqueous ethanol solution, a solution before
distilling off of the solvent was not transparent, and a com-
position obtained by distilling off the solvent was not trans-
parently dissolved in a solution (Comparative Example 12).
Compositions prepared by only heat dissolving an oil-soluble
substance with an emulsifier in the absence of solvent, and
compositions prepared by emulsifying an oil-soluble sub-
stance with an emulsifier in water and concentrating were not
dissolved in a solution and they floated or precipitated (Com-
parative Examples 13 and 14). These results clearly show that
a composition prepared by transparently dissolving an oil-
soluble substance and an emulsifier in a solvent and distilling
off the solvent exhibits the effect of the present invention.

Test Example 4

Properties and Solubility Test of Solubilized
Composition

Properties of the solubilized compositions of Examples 1
and 18 to 21, and solubility and transparency of mixtures
prepared by adding the compositions to water so as to be 5%
concentration and gently stirring were examined. The results
are shown in Table 5.

TABLE 5
Properties Solubility Transparency
Example 1 hard paste dissolved within  transparent
3 minutes
Example 18 soft paste dissolved within  transparent
1 minute
Example 19 viscous solution  immediately transparent
dissolved
Example 20 soft paste dissolved within  transparent
1 minute
Example 21 relatively hard dissolved within  transparent
paste 1 minute

Solubilized compositions containing a polyhydric alcohol
such as ethanol, glycerol, and maltitol were in a soft paste
form or a viscous solution, which are easy to handle. The
solubilized compositions were quickly and transparently dis-
solved in water within 3 minutes, which shows that the solu-
bilized compositions have excellent solubility in water (Ex-
amples 18 to 21).

INDUSTRIAL APPLICABILITY

The solubilized composition containing an oil-soluble sub-
stance according to the present invention is useful as a raw
material for foods and drinks, cosmetics, and medicines.

What is claimed is:

1. A method for preparing a solubilized semi-solid or paste
composition containing an oil-soluble substance having both
acid and heat resistance, comprising:

a step of dissolving the oil-soluble substance and a combi-
nation of two or three emulsifiers selected from the
group consisting of:

(1) one emulsifier E1 and one emulsifier E2;

(2) one emulsifier E1 and one emulsifier E3;

(3) one emulsifier E2 and one emulsifier E3; and

(4) one emulsifier E1, one emulsifier E2 and one emulsifier
E3,

in a solvent which is (a) ethanol or (b) a mixed solvent of
ethanol with at least one other solvent selected from the
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group consisting of acetone, hexane and ethyl acetate, to
prepare a transparent solution; and
a step of distilling the solvent off of the transparent solu-
tion,
wherein:
the emulsifier E1 is one or more selected from the group
consisting of:
(E1-1) decaglycerol monomyristate;
(E1-2) decaglycerol monolaurate;
(E1-3) tetraglycerol monolaurate;
(E1-4) decaglycerol monocaprate; and
(E1-5) hexaglycerol monolaurate,
the emulsifier E2, in which monoesters account for 50% or
more, is:
(E2-1) sucrose myristate; and/or
(E2-2) sucrose laurate, and
the emulsifier E3 is one or more selected from the group
consisting of:
(E3-1) soybean fractionated lecithin;
(E3-2) soybean fractionated lysolecithin;
(E3-3) rapeseed fractionated lecithin;
(E3-4) rapeseed fractionated lysolecithin;
(E3-5) sunflower fractionated lecithin; and
(E3-6) sunflower fractionated lysolecithin,
wherein the fractionated lecithin(s) contain not less than
50% of phosphatidylcholine relative to a phospholipid
content, and wherein the fractionated lecithin(s) are
obtained by a method comprising the steps of degum-
ming in production of a vegetable oil to obtain a veg-
etable lecithin, treating the vegetable lecithin with
acetone to obtain an acetone-insoluble fraction, treating
the acetone-insoluble fraction with ethanol to obtain an
ethanol-soluble fraction, and evaporating ethanol from
the ethanol-soluble fraction,
wherein the fractionated lysolecithin(s) contain not less
than 50% of lysophosphatidylcholine relative to a phos-
pholipid content, and wherein the fractionated lysoleci-
thin(s) are obtained by a method comprising a step of
enzymatically decomposing vegetable lecithin contain-
ing phosphatidylcoline in an amount =50% with a phos-
pholipase Al or A2 or a step of enzymatically decom-
posing a vegetable lecithin to obtain an ethanol-soluble
fraction, and
wherein the contents of the combination of two or three
emulsifiers to 1 part by mass of the oil-soluble substance
are:
for (1), 0.1 to 50 parts by mass for the emulsifier E1, and
0.1 to 30 parts by mass for the emulsifier E2;
for (2), 0.1 to 50 parts by mass for the emulsifier E1, and
0.1 to 20 parts by mass for the emulsifier E3;
for (3), 0.1 to 30 parts by mass for the emulsifier E2, and
0.1 to 20 parts by mass for the emulsifier E3; and
for (4), 0.1 to 50 parts by mass for the emulsifier E1,
0.1 to 30 parts by mass for the emulsifier E2, and
0.1 to 20 parts by mass for the emulsifier E3,
to obtain the solubilized semi-solid or paste composition.
2. The method according to claim 1, wherein the solvent is
(a) ethanol or (b) a mixed solvent of ethanol with acetone or
hexane, and a percentage of ethanol in the solvent (b) is 50 to
less than 100 (V/V) %.
3. The method according to claim 1, further comprising:
a step of adding a polyhydric alcohol to the transparent
solution in an amount of not more than 50 parts by mass
to 1 part by mass of the oil-soluble substance, between
the step of preparing the transparent solution and the
step of distilling the solvent off of the transparent solu-
tion.
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4. A solubilized semi-solid or paste composition contain-
ing an oil-soluble substance having both acid and heat resis-
tance, wherein the composition is prepared by the method
according to claim 1,
wherein the composition consists of the oil-soluble sub-
stance and the combination of two or three emulsifiers
selected from the group consisting of:
(1) one emulsifier E1 and one emulsifier E2;
(2) one emulsifier E1 and one emulsifier E3;
(3) one emulsifier E2 and one emulsifier E3; and
(4) one emulsifier E1, one emulsifier E2 and one emul-
sifier E3,
wherein emulsifiers E1, E2 and E3 are as defined in claim
15

wherein the composition further comprises ethanol in a
proportion of not more than 50 parts by mass to 1 part by
mass of the oil-soluble substance.

5. The method according to claim 1, wherein the combina-
tion of two or three emulsifiers is selected from the group
consisting of:

(2) one emulsifier E1 and one emulsifier E3;

(3) one emulsifier E2 and one emulsifier E3; and

(4) one emulsifier E1, one emulsifier E2 and one emulsifier

E3.

6. The method according to claim 1,

wherein the combination of emulsifiers is: (4) one emulsi-

fier E1, one emulsifier E2 and one emulsifier E3.

7. The method according to claim 1,

wherein the emulsifier E1 is one or more selected from the

group consisting of:
(E1-1) decaglycerol monomyristate;
(E1-2) decaglycerol monolaurate;
(E1-3) decaglycerol monocaprate; and
(E1-4) tetraglycerol monolaurate, and
wherein the emulsifier E3 is one or more selected from the
group consisting of:
(E3-1) soybean fractionated lecithin;
(E3-2) soybean fractionated lysolecithin;
(E3-3) rapeseed fractionated lecithin; and
(E3-4) rapeseed fractionated lysolecithin.
8. The method according to claim 7,
wherein the emulsifier E3 is:
(E3-1) soybean fractionated lecithin; and/or
(E3-2) soybean fractionated lysolecithin.
9. The method according to claim 7,
wherein the combination of two or three emulsifiers is:
(4) one emulsifier E1, one emulsifier E2 and one emul-
sifier E3 and
wherein the emulsifier E3 is:
(E3-2) soybean fractionated lysolecithin; and/or
(E3-4) rapeseed fractionated lysolecithin.

10. The method according to claim 9,

wherein the emulsifier E3 is:
(E3-2) soybean fractionated lysolecithin.

11. The method according to claim 1,

wherein the combination of two or three emulsifiers is:
(4) one emulsifier E1, one emulsifier E2 and one emul-

sifier E3,
wherein the emulsifier E1 is one or more selected from the
group consisting of:
(E1-1) decaglycerol monomyristate;
(E1-2) decaglycerol monolaurate;
(E1-3) decaglycerol monocaprate; and
(E1-4) tetraglycerol monolaurate, and
wherein the emulsifier E3 is one or more selected from the
group consisting of:
(E3-2) soybean fractionated lysolecithin;
(E3-4) rapeseed fractionated lysolecithin; and
(E3-6) sunflower fractionated lysolecithin.
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